Introduction
============

Endoscopic treatment is the most reliable method for both therapy and secondary prophylaxis of esophageal variceal bleeding [@JR205-1]. As with any endoscopic procedure, bacteremia can occur as a result of bacterial translocation of endogenous microbial flora into the bloodstream [@JR205-2] [@JR205-3]. For instance, the incidence of bacteremia has been reported to be 4.2 % after diagnostic esophagogastroduodenoscopy [@JR205-4] [@JR205-5]. Given the relatively low incidence of bacteremia in endoscopic procedures, current guidelines do not suggest antibiotic prophylaxis for infective endocarditis [@JR205-6].

Endoscopic variceal ligation (EVL) has replaced endoscopic variceal sclerotherapy (EVS) as an alternative and superior treatment for esophageal varices [@JR205-6]. Although both procedures have recorded complications of infection, the incidence of transient bacteremia after EVL (3 -- 6 %) [@JR205-7] [@JR205-8] has been suggested to be lower than that after EVS (0 -- 53 %) [@JR205-9] [@JR205-10] [@JR205-11]. Clinically significant bacteremia is rare after endoscopic procedures. Most patients experience only mild dysphagia, throat soreness, chest discomfort, and rarely spontaneous bacterial peritonitis. Moreover, the total incidence of all types of infectious complications after EVL (1.8 %) may be lower than that for EVS (18 %) [@JR205-9], and a retrospective study concluded that the rate of clinical bacterial peritonitis after EVL may also be lower [@JR205-7]. However, the existing data are conflicting due to the limited patient population sizes and different types of controls [@JR205-7] [@JR205-8] [@JR205-9] [@JR205-10] [@JR205-11].

In the current guidelines addressing the risk of bacteremia with endoscopic variceal therapy, we noted the limited data on bacteremia with EVL [@JR205-2] [@JR205-12] [@JR205-13] [@JR205-14]. In this study, we carried out a meta-analysis and present a systematic review to compare the frequency of bacteremia after EVL and EVS. The incidence of bacteremia was evaluated in upper gastrointestinal bleeding in patients with liver disease using endoscopic procedures in the emergency and elective settings.

Methods
=======

Materials and methods
---------------------

We followed the pre-specified and peer-reviewed PRISMA guidelines [@JR205-15] for systematic review and meta-analyses statement, a 27-item checklist deemed essential for reporting of systematic reviews and meta-analysis of prospective studies.

Search strategy
---------------

We performed computerized searching along with manual searching of references of articles from digital dissertation databases, including PubMed, Ovid, and EMBASE from 1980 to August 2013. The search was limited to humans and English language papers. The search keywords and Boolean operators used were: esophageal varices, bacteremia, endoscopy, sclerotherapy OR banding OR ligation.

Study selection
---------------

Studies were eligible for inclusion in the meta-analysis if they met the following criteria: (1) they reported bacteremia in patients with cirrhosis and varices with either endoscopic sclerotherapy or ligation; (2) a Newcastle-Ottawa quality assessment score more than 7; (3) studies published in English language only. Case reports, reviews, articles published only in abstract form, or studies without the required data for meta-analysis were excluded from the analysis. Three reviewers (Y. J., S. E., and A. O.) performed the preliminary search independently using the above strategy and inclusion criteria to identify and access the primary articles with full text for inclusion in the pooled analysis. Data were independently extracted by these reviewers using a standardized extraction form and entered into an Excel 2010 (Microsoft, Redmond, WA, United States) spreadsheet. Information was collected with the data, including the patient population, etiology, positive culture and bacteremia rate, banding type, emergency or elective endoscopy setting, endoscopic sclerotherapy type, different sclerosant agents, and complications of the studies. Any differences in the collected data were resolved by discussing and reviewing the full text articles together among the reviewers.

Newcastle-Ottawa quality assessment
-----------------------------------

The quality of the paper was evaluated based on the Newcastle-Ottawa quality assessment [@JR205-16]. The full text articles were reviewed independently and scores were provided by reviewers on selection, comparability, and outcome categories for each article. A total of 9 stars could be attributed overall. A score of 7 or higher was considered to be of good quality.

Statistical analysis
--------------------

Random effects models were used to combine results of studies in the meta-analysis. Binomial distributions were used to compute variance for each study. The DerSimonian-Laird (DL) approach was used to determine the heterogeneity in the study. Heterogeneity was measured using I-squared. In this study, an I-squared value above 75 % was considered to be indicative of a significant heterogeneity effect. In the presence of heterogeneity, a random effects model was considered to be the final model for estimating the effect size and 95 % confidence interval (CI). Heterogeneity was also explored using sub-group analysis. The risk of bacteremia between EVS and EVL studies was compared using univariate meta-regression analysis.

Unadjusted and adjusted random effect models were developed. The results of meta-regression were presented using the regression coefficient (RC) with 95 % CI and *P* value. Some studies provided a comparison of bacteremia between elective and emergency settings. We used the relative risk (RR) measure to summarize such studies. Forest plots were constructed to summarize the studies. All of the statistical analyses were carried out using STAT 12.1. *P* values less than 5 % were considered to be significant results.

Results
=======

Characteristics of selected studies
-----------------------------------

The flow chart of the selected articles is shown in [Fig. 1](#FI205-1){ref-type="fig"}. A total of 19 articles from the three digital dissertation databases were eligible for this study. Of these, four were randomized clinical trials [@JR205-7] [@JR205-17] [@JR205-18] [@JR205-19], 12 were non-randomized studies with a control group [@JR205-8] [@JR205-11] [@JR205-20] [@JR205-21] [@JR205-22] [@JR205-23] [@JR205-24] [@JR205-25] [@JR205-26] [@JR205-27] [@JR205-28] [@JR205-29], and three were non-randomized studies without a control group [@JR205-4] [@JR205-9] [@JR205-10]. According to Newcastle-Ottawa quality assessment, all of the included studies received more than 7 scores. Thus, a total of 19 studies involving 1001 procedures in 587 patients reporting the frequency of bacteremia post-endoscopy treatment in patients with cirrhosis and varices, and published between 1983 and 2011 were included in the meta-analysis ([Fig. 1](#FI205-1){ref-type="fig"}). The basic characteristics of the selected studies are included in [Table 1](#TB205-1){ref-type="table"} with quality scores based on the Newcastle-Ottawa quality assessment. All patients had portal hypertension, with the most common underlying etiology of cirrhosis being alcohol and viral infection.

![ Flowchart for article selection from the search strategy.](10-1055-s-0034-1392552-i205ei1){#FI205-1}

###### Basic characteristics of the included studies with the quality scores based on the Newcastle-Ottawa quality assessment.

  ----------------------------------------------------------------------------------------------------------------------------
  Author                Year   Country        Randomized\   Rate of bacteremia\     Quality Score                          
                                              (Y/N)         ( + culture/sessions)                                          
  --------------------- ------ -------------- ------------- ----------------------- --------------- ----------- ---------- ---
                                                            Emergency               Elective        Emergency   Elective   

  Cohen LB, et al       1983   USA            N                                     14/28                                  7

  Camara DS, et al      1983   USA            N              2/40                                               7          

  Brayko CM, et al      1985   USA            N              5/34                                                          7

  Snady H, et al        1985   USA            N                                     4/43                                   7

  Sauerbruch T, et al   1985   Germany        N                                     21/40                                  7

  Low DE, et al         1986   Canada         N                                      9/104                                 7

  Hegnhoj J, et al      1988   Denmark        N                                      7/31                                  7

  Lorgat F, et al       1990   South Africa   N                                      4/41                                  7

  Ho H, et al           1991   USA            N              6/56                    0/33                                  8

  Tseng CC, et al       1992   USA            N                                                     0/3          1/14      7

  Rolando N, et al      1993   UK             N             46/115                   4/80                                  8

  Lo GH, et al          1994   Taiwan         Y             10/58                                   2/60                   8

  Berner JS, et al      1994   USA            Y                                      1/9                         0/11      8

  Selby WS, et al       1994   USA            N                                      7/20                                  8

  Rohr MRS, et al       1997   Brazil         N                                      2/43                        2/35      7

  Kulkarni SG, et al    1999   India          Y              6/8                     6/22           0/2          8/30      8

  Lin OS, et al         2000   Taiwan         N                                                                 11/67      8

  Manulaz, EB, et al    2003   Brazil         N                                                                  1/40      8

  Bonilha, DQ, et al    2011   Brazil         Y                                      0/72                        3/65      9
  ----------------------------------------------------------------------------------------------------------------------------

EVS, endoscopic variceal sclerotherapy; EVL, endoscopic variceal ligation.All non-randomized studies had a control group apart from Lin OS et al. (2001), Sauerbruch T et al. (1985), and Camara DS et al. (1983).

Of the 19 included studies, 11 prospective studies described the rate of bacteremia after EVS, five studies provided the rate of bacteremia after EVS as well as after EVL, and three studies described the rate of bacteremia after only EVL. Thus, a total of 16 studies provided the rate of bacteremia after EVS and eight studies described the rate of bacteremia after EVL. Although current guidelines recommend antibiotic prophylaxis before endoscopy procedures for patients with active variceal bleeding [@JR205-2] [@JR205-12] [@JR205-13] [@JR205-14] [@JR205-30], all of these studies included only patients who did not receive any antibiotics within 72 hours before EVS or EVL.

Outcome of the meta-analysis
----------------------------

### Combined

Overall, the frequency of bacteremia was estimated to be 13 % (95 %CI: 9 -- 18 %) after endoscopic variceal sclerotherapy (EVS) or endoscopic variceal ligation (EVL) using a random-effects model ([Fig. 2](#FI205-2){ref-type="fig"}). The frequency of bacteremia after EVS was 17 % (95 %CI: 11 -- 24 %), which was higher than the frequency of bacteremia after EVL, which was 6 % (95 %CI: 2 -- 11 %), but the difference was not statistically significant (*P* = 0.106). The incidence of bacteremia ranged from 0 % to 52 % with substantial heterogeneity among the estimates (I^2^ = 89 %, *P* \< 0.01) in EVS studies, while it ranged from 0 % to 25 % in EVL studies without heterogeneity among the estimates (I^2^ = 45.5 %, *P* = 0.076).

![ Risk of bacteremia after endoscopic variceal sclerotherapy (EVS) and endoscopic variceal ligation (EVL).](10-1055-s-0034-1392552-i205ei2){#FI205-2}

To explore the heterogeneity effect, in the first sensitivity analysis, we only included the four randomized studies with both EVS and EVL ([Fig. 3 a](#FI205-3a){ref-type="fig"}). The frequency of bacteremia after EVS was 16 % (95 %CI: 0 -- 33 %), after EVL it was 6 % (95 %CI: 0 -- 13 %), and combined it was 10 % (95 %CI: 3 -- 16 %). After excluding these four randomized studies and considering only the 15 observational studies ([Fig. 3 b](#FI205-3b){ref-type="fig"}), these indicated similar results. The frequency of bacteremia after EVS was 18 % (95 %CI: 11 -- 25 %), after EVL it was 7 % (95 %CI: 1 -- 14 %), and combined it was 15 % (95 %CI: 9 -- 21 %).

###### 

**Fig. 3** Risk of bacteremia: sensitivity analysis. **a** Randomized studies that included both endoscopic variceal sclerotherapy (EVS) and endoscopic variceal ligation (EVL) (n = 4). **b** After EVS and EVL after excluding randomized studies (n = 15). **c** Studies that included both EVS and EVL (n = 5). **d** After EVS and EVL after excluding studies that included both EVS and EVL (n = 14).
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In the second sensitivity analysis, we compared the five studies conducted with both EVS and EVL ([Fig. 3 c](#FI205-3c){ref-type="fig"}), which indicated similar results for frequency of bacteremia: EVS 12 % (95 %CI: 1 -- 23 %), EVL 6 % (95 %CI: 1 -- 11 %), combined 8 % (95 %CI: 3 -- 13 %). After excluding these five studies ([Fig. 3 d](#FI205-3d){ref-type="fig"}), the risk of bacteremia after EVS was 19 % (95 %CI: 12 -- 27 %), and after EVL it was 8 % (95 %CI: -- 1 % to 17 %).

[Table 2 a](#TB205-2){ref-type="table"} shows the comparison of risk of bacteremia between EVS and EVL. The overall mean difference in the risk of bacteremia between EVS and EVL was estimated to be 10 %, while it was 12 % after excluding studies that compared EVS and EVL, and 11 % in nonrandomized studies. When we only included studies that compared EVS and EVL, we found a 63 % increased risk of bacteremia in EVS compared with EVL and an 84 % increased risk of bacteremia in EVS compared with EVL when we only included randomized studies (*P* = 0.293).

###### Effect of endoscopic variceal sclerotherapy (EVS) on risk of bacteremia compared to endoscopic variceal ligation (EVL).

  **Type of study**                                                                                                **n**   **RC**                                    **95 %CI**   ***P* value**   
  ---------------------------------------------------------------------------------------------------------------- ------- ----------------------------------------- ------------ --------------- -------
  EVS with EVL as referent[1](#FN205-1){ref-type="table-fn"}                                                       24      0.098                                      -- 0.023    0.219           0.106
  EVS with EVL as referent[2](#FN205-2){ref-type="table-fn"}                                                       14      0.116                                      -- 0.097    0.329           0.257
  EVS with EVL as referent[3](#FN205-3){ref-type="table-fn"}                                                       16      0.107                                      -- 0.071    0.284           0.218
  EVS with EVL as referent[4](#FN205-4){ref-type="table-fn"}                                                        5      1.629[5](#FN205-5){ref-type="table-fn"}   0.656        4.047           0.293
  EVS with EVL as referent[1](#FN205-1){ref-type="table-fn"} (only randomized)[6](#FN205-6){ref-type="table-fn"}    4      1.837[5](#FN205-5){ref-type="table-fn"}   0.591        5.717           0.293

RC, regression coefficient; CI, confidence interval.

In all studies

after excluding studies which compared EVS and EVL

only in nonrandomized studies.

Studies which compared EVS and EVL

Relative risk

randomized studies

We also compared the incidence of bacteremia according to whether the setting was either an emergency or an elective procedure irrespective of whether they were EVS or EVL studies ([Fig. 4 a -- c](#FI205-4a){ref-type="fig"}). A total of six studies had emergency EVS or EVL (two with both EVS and EVL) with a frequency of bacteremia of 16 % (95 %CI: 5 -- 27 %) and a total of 16 studies had elective EVS or EVL (four with both EVS and EVL) with a frequency of bacteremia of 12 % (95 %CI: 7 -- 16 %) ([Fig. 4 a](#FI205-4a){ref-type="fig"}, [Table 2 b](#TB205-3){ref-type="table"}). When EVS or EVL were performed as elective procedures, the risk of bacteremia after these procedures was 6 % lower compared with emergency procedures. The pooled estimate from within studies comparisons showed that elective procedures have a 71 % lower risk of bacteremia compared with emergency procedures and the difference was statistically significant (*P* = 0.006), while there was a 79 % lower risk of bacteremia during elective procedures compared with emergency procedures within EVS studies, and again the difference was statistically significant (*P* = 0.002). In contrast, within EVL studies, elective procedures had a 21 % higher risk of bacteremia compared to emergency procedures but the difference was not statistically significant (*P* = 0.850).

###### 

**Fig. 4** Comparison of risk of bacteremia. **a** Between emergency and elective variceal therapy procedures (favors elective). **b** Between elective and emergency procedures in endoscopic variceal sclerotherapy (EVS) studies (favors elective). **c** Between elective and emergency procedures in endoscopic variceal ligation (EVL) studies (favors emergency).
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###### Overall risk of bacteremia after endoscopic variceal sclerotherapy (EVS) and endoscopic variceal ligation (EVL), comparison of emergency with elective procedures.

  **Setting**   **n**   **I-squared**   **Risk**   **95 %CI**   
  ------------- ------- --------------- ---------- ------------ -------
  Elective      20      0.817           0.116      0.071        0.162
  Emergency      8      0.801           0.161      0.048        0.274

CI, confidence interval.

### EVS or EVL

In total, 16 studies with 877 procedures in 463 patients (295 male/112 female/56 unspecified) with cirrhosis and varices provided data on the frequency of bacteremia after EVS. Elective EVS was done in 566 sessions in 13 studies with a frequency of bacteremia of 14.4 % (95 %CI: 8 -- 20.8 %) using a random-effects model, while emergency EVS was performed in 271 sessions in five studies with a frequency of bacteremia of 22.4 % (95 %CI: 9.2 -- 35.6 %) ([Supplementary Table 3 a](#TB205-6){ref-type="table"}). The pooled analysis of the three studies that conducted both emergency and elective EVS indicated a significantly lower frequency of bacteremia after elective EVS than emergency EVS. The relative risk of elective EVS versus emergency EVS was 0.21 (95 %CI: 0.077 -- 0.572, *P* = 0.002) ([Fig. 4 b](#FI205-4b){ref-type="fig"},  [Supplementary Table 3 b](#TB205-7){ref-type="table"}). Different sclerosants and differen sclerosant injection technique did not affect the frequency of bacteremia after EVS ([Supplementary Tables 3 a -- 3b](#TB205-6){ref-type="table"}).

###### Risk of bacteremia in endoscopic variceal sclerotherapy (EVS) studies according to different cofactors.

  **Cofactor**           **n**   **I-squared**   **Risk**   **95 %CI**   
  ---------------------- ------- --------------- ---------- ------------ -------
  EVS                    16      0.894           0.174      0.109        0.239
  Injection methods                                                      
   I                     10      0.846           0.126      0.062        0.191
   I + P                  3      0.930           0.259       -- 0.024    0.542
   NS                     3      0.368           0.237      0.15         0.324
  Sclerosant types                                                       
   Ethanolamine oleate    5      0.800           0.179      0.068        0.29
   Polidocanol            2      0.000           0.075      0.024        0.125
   Sodium tetradecyl      4      0.889           0.219      0.057        0.381
   Sodium morrhuate       3      0.888           0.217       -- 0.006    0.439
   Cyanoacrylate          1                      0.000       -- 0.025    0.025
   Alcohol                1                      0.400      0.216        0.584
  Procedures                                                             
   Elective              13      0.866           0.144      0.08         0.208
   Emergency              5      0.770           0.224      0.092        0.356

EVS, endoscopic variceal sclerotherapy; CI, confidence interval; I, intravariceally injected; P, paravariceally injected; NS, not stated.

###### Association of cofactors with risk of bacteremia in EVS studies.

  **Cofactor**                      **n**   **RC**      **95 %CI**   ***P* value**   
  --------------------------------- ------- ----------- ------------ --------------- -------
  Injection methods                                                                  
   I + P                            3       0.107        -- 0.125    0.340           0.336
   NS                               3       0.102        -- 0.132    0.336           0.365
   I (referent)                                                                      
  Sclerosant types                                                                   
   Polidocanol                      2        -- 0.100    -- 0.401    0.201           0.475
   Sodium tetradecyl                4       0.036        -- 0.214    0.286           0.755
   Sodium morrhuate                 3       0.027        -- 0.247    0.302           0.829
   Cyanoacrylate                    1        -- 0.182    -- 0.561    0.197           0.310
   Alcohol                          1       0.218        -- 0.218    0.654           0.292
   Ethanolamine oleate (referent)                                                    

EVS, endoscopic variceal sclerotherapy; RC, regression coefficient; CI, confidence interval; I, intravariceally injected; P, paravariceally injected; NS, not stated.

###### Unadjusted and adjusted risk of bacteremia in EVS studies using meta-regression analysis.

        **n**   **Unadjusted risk**   **95 %CI**   **Adjusted risk** [1](#FN205-8){ref-type="table-fn"}   **95 %CI**           
  ----- ------- --------------------- ------------ ------------------------------------------------------ ------------ ------- -------
  EVS   16      0.174                 0.109        0.239                                                  0.187        0.100   0.274

EVS, endoscopic variceal sclerotherapy; CI, confidence interval.

After adjusting for different sclerosants and different methods of sclerosants.

Eight studies with a total of 327 procedures in 249 patients (174 male/75 female) with cirrhosis and varices provided data on the frequency of bacteremia after EVL. Elective EVL was done in 262 sessions in seven studies with a frequency of bacteremia of 7.6 % (95 %CI: 2.3 -- 13 %) using a random-effects model, while emergency EVL was performed in 65 sessions in three studies with a frequency of bacteremia of 3.2 % (95 %CI: -- 2.2 % to 8.6 %) ([Supplementary Table 4 a](#TB205-9){ref-type="table"}). The pooled analysis of the two studies conducting both emergency and elective EVL indicated no statistically significant difference between the frequency of bacteremia after elective EVL and after emergency EVL, and the relative risk of elective EVL to emergency EVL was 1.21 (95 %CI: 0.17 -- 8.62, *P* = 0.850) ([Fig. 4 c](#FI205-4c){ref-type="fig"}, [Table 2 c](#TB205-4){ref-type="table"}). Different banding techniques (single or multiple) did not affect the frequency of bacteremia after EVL ([Supplementary Tables 4 a-- 4c](#TB205-9){ref-type="table"}).

###### Comparison of elective versus emergency procedures.

  **Setting**                                                                         **n**   **RR**                                        **95 %CI**   ***P* value**   
  ----------------------------------------------------------------------------------- ------- --------------------------------------------- ------------ --------------- -------
  Elective versus emergency as referent                                               23       -- 0.064[1](#FN205-7){ref-type="table-fn"}    -- 0.236    0.107           0.444
  Elective versus emergency as referent (within studies comparisons)                   5      0.285                                         0.117        0.698           0.006
  Elective versus emergency as referent (within studies comparisons) in EVS studies    3      0.21                                          0.077        0.572           0.002
  Elective versus emergency as referent (within studies comparisons) in EVL studies    2      1.21                                          0.17         8.62            0.850

CI, confidence interval; EVS, endoscopic variceal sclerotherapy; EVL, endoscopic variceal ligation; RR, relative risk.

Regression coefficient

###### Risk of bacteremia in EVL studies according to different cofactors.

  **Cofactor**       **n**   **I-squared**   **Risk**   **95 %CI**   
  ------------------ ------- --------------- ---------- ------------ -------
  EVL                8       0.455           0.065      0.022        0.107
  Types of banding                                                   
   Multiple          1                       0.046       -- 0.014    0.106
   Single            7       0.528           0.072      0.019        0.124
  Procedures                                                         
   Elective          7       0.515           0.076      0.023        0.13
   Emergency         3       0.000           0.032       -- 0.022    0.086

EVL, endoscopic variceal ligation; CI, confidence interval.

###### Association of type of banding with risk of bacteremia in EVL studies.

  **Cofactor**                               **n**   **RC**      **95 %CI**   ***P* value**   
  ------------------------------------------ ------- ----------- ------------ --------------- -------
  Multiple banding with single as referent   8        -- 0.025    -- 0.193    0.143           0.728

EVL, endoscopic variceal ligation; RC, regression coefficient; CI, confidence interval.

###### Unadjusted and adjusted risk of bacteremia in EVL studies using meta-regression analysis.

        **n**   **Unadjusted risk**   **95 %CI**   Adjusted risk [1](#FN205-9){ref-type="table-fn"}   **95 %CI**           
  ----- ------- --------------------- ------------ -------------------------------------------------- ------------ ------- -------
  EVL   8       0.065                 0.022        0.107                                              0.068        0.016   0.120

EVL, endoscopic variceal ligation; CI, confidence interval.

After adjusting for types of banding.

### Organisms

A total of 25 different organisms (24 after EVS, 7 after EVL) were reported in 160 blood cultures after EVL and EVS in the 19 studies ([Table 5](#TB205-5){ref-type="table"}). The most common bacteria found in blood cultures after EVL and EVS was alpha-hemolytic *Streptococcus* (n = 46) (mainly *Streptococcus viridans*) which was 28.8 % of all reported organisms. The other common bacteria were coagulase-negative *Staphylococcus* (mainly *Staphylococcus epidermidis*) (n = 39), followed by coagulase-positive *Staphylococcus* (mainly *Staphylococcus aureus*) (n = 15). Gram-negative *Escherichia coli* and *Klebsiella* were less commonly reported than the Gram-positive bacteria.

###### Organisms from blood cultures.

                                         **EVS**   **EVL**   **Total**
  -------------------------------------- --------- --------- -----------
  *Streptococcus, alpha-hemolytic*       40         6        46
  *Streptococcus, beta-hemolytic*                   3         3
  *Streptococcus, non-hemolytic*          3                   3
  *Staphylococcus, coagulase-negative*   28        11        39
  *Staphylococcus, coagulase-positive*   12         3        15
  *Escherichia coli*                      6         1         7
  *Klebsiella spp.*                       4         2         6
  *Pseudomonas spp.*                      6                   6
  *Enterobacter cloacae*                  3         2         5
  *Corynebacterium*                       4                   4
  *Veillonella*                           4                   4
  *Acinetobacter spp.*                    3                   3
  *Diphtheroid*                           3                   3
  *Bacillis spp.*                         2                   2
  *Lactobacillus*                         2                   2
  *Flavobacterium menigosepticum*         2                   2
  *Peptostreptococcus spp.*               2                   2
  *Clostridium spp.*                      1                   1
  *Propionibacterium acnes*               1                   1
  *Alcaligenes faecalis*                  1                   1
  *Haemophilus influenza*                 1                   1
  *Bacterioides spp.*                     1                   1
  *Propionibacterium*                     1                   1
  *Xanthomonas maltophilia*               1                   1
  *Neisseria spp.*                        1                   1

EVS, endoscopic variceal sclerotherapy; EVL, endoscopic variceal ligation.

### Complications

No clinical evidence of infection occurred in patients in 15 of the 19 studies. Some patients did report mild post-procedure fever or leukocytosis, but no sources were identified and these symptoms may not be related to the procedures [@JR205-7] [@JR205-22] [@JR205-26]. The most frequently encountered infectious complication in the other four studies was spontaneous bacterial peritonitis (SBP) in six cases [@JR205-7] [@JR205-18] [@JR205-26]. All but one case of SBP occurred in patients with Child-Pugh class C cirrhosis [@JR205-7]. One patient died of sepsis after EVS with injection of sodium tetradecyl [@JR205-7]. Of note, no patient from these 19 studies had artificial heart valves.

Discussion
==========

We found the frequency of bacteremia after endoscopic variceal therapy to be 13 %. The frequency of bacteremia after EVS (17 %) was higher than after EVL (6 %) although the difference was not statistically significant. The frequency of bacteremia after elective EVS (13.1 %) was significantly lower than after emergency EVS (22.5 %), while the frequency of bacteremia after elective EVL (7.6 %) was not significantly different from that after emergency EVL (3.2 %).

EVS is an effective therapy, carried out with intravariceal or paravariceal injection of sclerosant agents. EVL has replaced EVS as an alternative and superior treatment for esophageal varices with greater efficacy and lower complication rates [@JR205-31] [@JR205-32] [@JR205-33] [@JR205-34] [@JR205-35]. In our eligible studies, most EVS and EVL procedures did not result in infectious complications, especially after EVL procedures for esophageal varices. The most frequent infectious complication was SBP, but this was uncommon [@JR205-7] [@JR205-18] [@JR205-26].

Both EVL and EVS have had reports of transient bacteremia, and the incidence of infectious complications after EVL was suspected to be lower than that after EVS, although the existing data are conflicting [@JR205-7] [@JR205-17] [@JR205-18] [@JR205-19] [@JR205-28]. Early studies reported higher transient bacteremia in the EVS group than in the EVL group that was either statistically significant, 17.2 % after EVS compared with 3.3 % after EVL (*P* \< 0.03) [@JR205-7], or not statistically significant, 40 % after EVS compared with 25 % after EVL [@JR205-18]. Most recent studies found higher rates of positive blood cultures after EVL compared with after EVS (5.7 % after EVL compared with 4.6 % after EVS [@JR205-28], 4.6 % after EVL compared with 0.0 % after EVS [@JR205-19]). Our meta-regression analysis of the frequency of bacteremia after EVS was 17 % with a trend toward being higher than after EVL (6 %).

The risks of transient bacteremia are different in emergency and elective procedure settings [@JR205-11] [@JR205-18]. Patients with active or recent bleeding may have variceal walls more susceptible to bacterial invasion. Our results indicate that the frequency of bacteremia after emergency EVS or EVL (16 %) is significantly higher than after elective EVS or EVL (12 %). The frequency of bacteremia after emergency EVS (22 %) is also significantly higher than after elective EVS (14 %).

Bacteremia may be due to oral or digestive pathogens from transient contamination [@JR205-36], potential transluminal seeding from the needle and tips, contamination of the side channel of the endoscope, or contamination of sclerosant [@JR205-37]. EVL does not involve the direct penetration of the esophageal mucosa with a needle and has less opportunity for the direct introduction of bacteria. Additionally, EVL using the single banding technique was done with a protective overtube that could prevent ligation bands from picking up oropharyngeal flora on the way in [@JR205-7]. Furthermore, the process of ligation itself obliterates submucosal venous channels, reducing the likelihood of systemic bacteremia [@JR205-8].

Many organisms reported to cause bacteremia after EVS and EVL were from skin and oropharyngeal sources, such as alpha-hemolytic *Streptococcus*, coagulase-negative *Staphylococcus*, and *Diphtheroid* species [@JR205-11] [@JR205-13]. Coagulase-negative *Staphylococcus* is one of the most frequent causes of nosocomial bloodstream infection and sometimes occurs in patients with no clinically significant presentation [@JR205-38]. These outside sources turned out to be the origin of infection because the same organism was grown from the endoscope [@JR205-39] [@JR205-40].

The other organisms isolated after EVS and EVL are coagulase-positive *Staphylococcus* and Gram-negative bacteria. After disruption of the intact mucosa member, Gram-negative bacteria can produce endotoxins and stimulate the release of tumor necrosis factor and bacterial translocation [@JR205-41]. Endotoxemia could also induce nitric oxide synthase to produce vascular nitric oxide and increase the membrane permeability in the vascular endothelium and intestinal mucosa, possibly contributing to bacterial translocation [@JR205-42]. The higher intestinal permeability index at the time of infection is a significant predictor for bacteremia [@JR205-43].

Current guidelines recommend antibiotic prophylaxis before endoscopic procedures for patients with active variceal bleeding [@JR205-2] [@JR205-12] [@JR205-13] [@JR205-14] [@JR205-30]. Meta-analysis studies indicated a significant decrease in the incidence of bacterial infections and mortality after antibiotic prophylaxis in cirrhotic patients with active gastrointestinal bleeding [@JR205-2]. On the other hand, the guidelines do not specifically recommend antibiotic prophylaxis for patients undergoing EVL or EVS for non-bleeding varices [@JR205-12] [@JR205-30]. Since EVL is currently the standard procedure utilized for endoscopic variceal therapy, the main area of concern is whether antibiotic prophylaxis is needed before EVL in elective procedures. Prophylactic antibiotics should be individualized by different clinical presentations of patients instead of for the indication of EVL or EVS [@JR205-12]. Currently, prophylactic antibiotics are indicated for all cirrhotic patients at high risk of developing infection, including patients with Child\'s class C cirrhosis, a recent history of variceal bleeding, a past history of bacterial peritonitis, or a co-morbid immunosuppression [@JR205-30]. Our data indicate a low frequency of bacteremia after EVS and EVL, which is consistent with the current guideline recommendations.

There are some limitations to our analysis. First, many of the eligible studies in our systematic review do not distinguish between clinically significant and non-significant (possible contamination) bacteremia. We used all of the reported positive culture results in our meta-analysis. Second, the sample sizes in some comparisons are limited. These may cause the non-significant meta-analysis results. Third, most of the EVL studies used the older single banding technique rather than the current multi-banding ligators, which may affect the applicability of our results. Although our analysis included both EVS and EVL, EVS is not currently used as first-line therapy for esophageal varices. However, given that most of this literature is not recent, it forms the basis of our current guidelines.

In conclusion, the incidence of bacteremia is low in patients with cirrhosis and varices after EVL or EVS. The risk of bacteremia in patients with cirrhosis and varices is higher, but not significantly different, after EVS compared with EVL. The risk of bacteremia is significantly higher after emergency EVS than after elective EVS. These results are consistent with our current guidelines that antibiotic prophylaxis before endoscopic procedures is only necessary for patients with active variceal bleeding, but is not recommended for patients with non-bleeding varices. However, in view of even the low risk of bacteremia after EVL, it may be reasonable to give antibiotic prophylaxis to cirrhotics at high risk of infection, such as those with Child's class C cirrhosis and ascites.
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